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DESIGN OP AN INTERURBAN POWER STATION.
Preliminary Remarks.
The electrical power for the city of Champaign, Illinois, 
and for the interurban railway running from that city to Dan­
ville, Illinois, is generated at a station which stands on 
the east side of Hickory street, just north of the Wabash 
railway tracks in Champaign.
When first built, this station was small and furnished 
power for the Champaign and Urbana street railway and for the 
arc and incandescent lights in the city of Champaign.
Since then, the Danville, Urbana, and Champaign rail­
way has been constructed, demands for lighting and street 
railway service have increased, and power is now being sold 
for motors in the business houses.
To meet the increased demand for motive power a 500 K. W. 
double current generator was installed, but to meet the slowly 
increasing demand for lighting power, small machines have been 
added from time to time to generate the kind of current need­
ed, whether for arc or incandescent lighting. In almost every 
case, these machines were old ones brought from some station 
of the ”Illinois Traction Company”, where improvements were 
being made.
Owing to this method of extension each machine can be 
used to supply current to only one of the three branches fed 
by the station. Each of the three divisions has its particular 
set of machines, which cannot be interchanged in case of break-
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down. The result is a number of units of different kinds and 
sizes in the engine room, making operation inconvenient and 
uneconomical.
As the machines were added no system was followed in sup­
plying the motive power, and this power is now supplied from 
three separate sources: (1) direct connected, (2) belt driven 
from a line shaft, (3) belt driven from a motor receiving the 
current from an engine-driven generator.
The boilers are old and poorly arranged in the boiler 
room. Here again, no plan has been followed in making add­
itions .
Considering the rapidity with which the demands upon 
this station are growing, it is readily seen that a new plant 
should be built, to run more economically, and there should 
also be planned some systematic method by which all extensions 
may be made.
The desire to inform himself upon the subject of correct­
ing the disadvantages in the system just described, has led 
the author of this thesis to take for his subject the design 
of a power station to be situated where the Champaign station 
now stands. The new plant is to work under the conditions 
now affecting the present station.
In this thesis the author considers the old station as 
cleared away and that he has unrestricted power in the choice 
of (l) general method of power generation, (2) type of appa­
ratus to be used, (3) location of same in station together 
with all connections, and (4) the position of the station 
upon the company's ground.
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GENERAL PLAN.
In order to do this work intelligently, the author has 
collected all the data that he could obtain upon the install­
ation in newly built plants, and has studied each part sepa­
rately, in order that he may choose, with some degree of ac­
curacy, the best combination of machines to be used.
The output has been obtained from the company's records, 
the working conditions have been studied, and a system of ex­
tension has been planned.
In writing this thesis, the object of the author is to 
so inform himself that he may design a station which will, 
under existing conditions, be both economical and convenient 
in its operation.
One of the first questions to be decided upon is the 
method of current generation. It has been decided by the 
best engineers that the most efficient method is to generate 
alternating current throughout the entire plant. The current 
as it is generated cannot be used to feed all the demands 
made upon the station, but it may be transformed, converted, 
and changed in frequency, to meet the requirements of the 
different branches.
Alternators shall be direct connected to vertical steam 
engines and all units shall be alike in every respect. This 
system makes modification of current and provision for break­
down more simple.
Two-phase alternating current, at 25 cycles and 2200
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volts, shall be generated and sent to the switch board, where 
it shall be distributed to the different branches. That part 
of the current to be sent out for the interurban service shall 
be stepped up to 15000 volts at the power station, and stepped 
down and converted at the railway substation. Current for the 
street railway service shall be taken from the switch board at 
2200 volts, and 25 cycles, and stepped down and converted to 
direct current at 550 volts.
Current for arc and incandescent service will be used as 
it comes from the switch board, except that the frequency 
shall be changed to 60 cycles by a frequency changer at the 
power station. It was thought best to generate the current 
at 25 cycles and change it to 60, rather than to generate it 
at 60 cycles and change it to 25. This decision was based 
upon the speed of the engine chosen and size of generator.
The station is designed with the idea that all extensions 
shall be made by enlarging the building toward the east and 
installing new machines which are in every respect similar 
to those installed at erection of station.
As this is not an architectural thesis, the details of 
the building will be omitted, but a plan and sectional view 
of the building will accompany the thesis to show arrangement 
of machines and boilers, together with the coal-handling 
apparatus.
The design of the switch board will also be omitted in 
this work, as that is in itself a subject large enough to 
comprise an entire thesis.
The power output at different periods during the day 
was obtained from the station records, and the number of 
units to be installed, together with their size was so chosen 
that the station would furnish most economically and conven­
iently the varying load. Allowance was made for the power
The output is divided into that delivered during these
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OUTPUT OF THE PRESENT STATION.
 
needed in the station itself for motors and losses.
 
different periods, as follows:-
From 6:00 A. M. until dark.
Interurban railway ----------------------  200 K. W.
Street " ---------------- -----  200 K. W.
Incandescent lights----------- - ----- ----- 100 K. W.
Total----- 500 K. W.
From dark until midnight.
Interurban railway ------------- ~------- 200 K. W.
Street " ----------------------  200 K. W.
Incandescent lights-------------------- 400 K. W.
Arc " ----------------------  100 K. W.
Total----- 900 K. W.
From midnight until 6:00 A. M.
Interurban railway ---------------- ----- 200 K. W.
Incandescent lights----------------------  200 K. W.
Arc " ----------------------  100 K. W.
Total----- 500 K. W.
DESIGN OP AN INTERURBAN POWER STATION
Mechanical Engineering Thesis 
by
Leroy H. Maxfield.
Part 1.- Three 400 K. W. Alternators.
" 2 — Two 100 K. W. Exciters.
" 3.- Three 19”S('40”x 30” Vertical Steam Engines
" 4 .- Three 9" Separators with Traps.
" 5.- Six 300 H. P. Boilers.
" 6 .- Six Chain Grates and Stokers.
M 7.- One Open Peed Water Heater.
M 8.- Two 8,,X5 M̂ 12,' Duplex Pumps.
" 9 — One 500 K. W. Frequency-changer.
M 10.- One 300 K. W. Rotary Converter.
" 11.- Pour 150 K. W. Self-cooling Transformers
12.- Coal and Ash Conveyor.






As given under the heading of "General Plan", only 
alternating current generators shall be installed, the size 
and number being based upon the data given in the preceding 
table. By referring to this table it is evident that two (2) 
400 K. W. alternators will carry the load during the day and 
allow for considerable increase. At night, by starting a 
third machine, which is in every particular similar to the 
two already in operation, the heaviest load may be carried 
and approximately the same increase provided for.
SIZE AND NUMBER.
Considering these facts, three (S) 400 K. W. alternating 
current generators shall be installed, two carrying the load 
during the day when the third may be repaired, if necessary, 
as it is to be used only from dark until midnight. If it 
cannot be repaired in that length of time, which is improb­
able, the two machines can safely carry the present overload.
TYPE.
The machines chosen are of the Westinghouse direot- 
connected, revolving-field, railway type; running at 150 
revolutions per minute, and generating two-phase, alternating 
current at 25 cycles and 2200 volts.
EXTENSION
In case extension is necessary, a fourth unit, which is 
a duplicate of the others, shall be installed, using the same 





The three generators shall be excited by two (2) 100 K. W. 
Westinghouse exciters, each machine being large enough to ex­
cite the fields of all the machines.
DRIVE.
One exciter shall be direct connected to a 150 H. P. 
Westinghouse, two-phase, synchronous motor, running on 2200 
volts. This machine receives its current from the generators 
and therefore cannot be used in starting the plant.
The second machine is direct connected to a 150 H. P. 
Westinghouse Automatic steam engine, running at 150 revolu­
tions per minute, and using steam at 150# at the throttle.
This engine must be used in starting the plant and may be 





It has "been decided that the best method of driving the 
three alternators is to connect each direct to a vertical 
compound steam engine.
MAKE AND SIZE.
After communicating with the best builders of steam 
engines and studying closely the different machines, as ap­
plied to the conditions existing at this plant, it seems that 
the McIntosh, Seymour, & Company engine is probably the best 
to be used. Therefore, the engines which shall be installed 
are three (3) 19"& 40"x30" vertical, cross-compound, non­
condensing steam engines, built by McIntosh, Seymour & Com­
pany, of Auburn, New York. The engines are designed to run 
at 150 revolutions per minute under a steam pressure of 150 
pounds at the throttle, with a water rate of 22 pounds per 
horse power per hour, and a regulation of 2%.
FOUNDATION.
The engines are to be set upon concrete foundations 





Three steam separators shall be used, one placed in 
the steam main leading to the high pressure cylinder of 
each engine, and five feet from it.
These separators shall drain into traps, placed in the 
floor beneath them and discharging water into the hot-well 
in the boiler room.
TYPE AND SIZE.
Three 9M Cochrane vertical separators shall be installed, 




The boiler horse power required is figured as follows 
It is desired to make the steam pressure at the throttle 
150 pounds gage, which, allowing for 10 pounds drop between 
boiler and engines, makes the working pressure for the boilers 
160 pounds gage, or 174.7 pounds absolute, corresponding to 
370.3°F. (= 831.0°abs.)
The standard boiler horse power is the evaporation of
34.5 pounds of water from, and at a temperature of 212°F.
(= 672.8°absolute), considering the feed water to be at 200°F, 
(= 660.8°abs.), these boilers must evaporate water from 200°F. 
to steam at 370.3°F.
The heat given to one pound of water during the process 
of evaporation is found thus:-
Entropy of vaporization at 212°F. = 672°abs,= 1.4349 
« n »• » «• " s 672.8 °
1.4349 = 965.5 British thermal units. This is the
Onumber of heat units necessary to evaporate water at 212 F. 
into steam at the same temperature.
Heat in water at 200°F. = 168.7 B. T. U.
" " " " 370.3°Ff  342.6 B. T. U.
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The difference between these quantities is the number 
of heat units necessary to raise one pound of water from 
200°P. to 370.3°F. = 342.6 - 168.7 » 173.9 B. T. U.
The evaporation factor = 1024.9 = 1.1.
965.5
The water rate as given under the subject of "Engines” 
is 22 pounds per horse power per hour, and with the three 
(3) 600 horse power engines this amounts to 22/600/3 =
39600 pounds per hour.
The boiler horse power = 59600/1.1 = 1262.
34.5
In order to allow for pumps and engine to drive exciter 
without overloading the boilers, 1800 horse power of boilers 
will be installed.
This power shall be supplied by six (6) 300 horse 
power Babcock & Wilcox water tube boilers, set two in a 
battery, with a space of four feet between the settings of 
adjacent batteries.
Tbe boiler capacity is more than is necessary under 
normal conditions, but this installation permits of some 
increased demands upon the plant, as for instance, heating; 
and it provides for breakdown.
Each boiler shall be fitted with a Babcock & Wilcox 





The size of grates to be used is figured upon the basis 
of the calorific value of the coal to be burned, as follows
Calorific value of Illinois slack coal, as given in 
Professor Parr’s tests, is 9035 B. T. U. per pound, and, as­
suming the efficiency of the boiler to be we find that
the heat transmitted to the water by each pound of coal burned 
is 9035X.65 = 5872.7 B. T. U.
As was found in the calculations for boiler horse power, 
1024.9 B. T. U. are required to evaporate one pound of water. 
It was also found that the evaporation of 39600 pounds of 
water per hour is necessary.
Therefore, the coal to be burned per hour for each
boiler = 59600X1024.9 = 1149 pounds.
6/5872.7
Assuming that each square foot of grate area will burn 
20 pounds of coal per hour, the grate area must be 1149 ♦ 20 = 
57.4 square feet. To gain this area the grate will be made 




The water supplied to this station is at a temperature 
of about 70°P., but by passing it through a properly arrang­
ed apparatus, where it comes in contact with the exhaust 
steam from the engines, the temperature may be raised be­
fore it enters the boiler. Under the conditions here ex­
isting, this temperature can be made 200°P., thus saving 
the coal which is necessary to raise the temperature of 
the water from 70°P. to 200°F.
The heater which will be used here is a 1800 H. P. 
exhaust steam, open feed-water heater, made by Hoppe© 






Using the equation for boiler horse power given on
page 14 and substituting 1800 horse power for the 1262
horse power there given, it is found that the amount of
water evaporated by 1800 horse power of boilers is
1800X54.5 = 56454 pounds= 7527 gallons per hour.
1.1
NUMBER AND TYPE.
To supply this water, two duplex, style C,
packed piston pumps will be installed. These pumps are 
made by the Snow Pump Company of Buffalo, New York, and are 
capable of supplying the quantity of water needed when run 





As the current is generated at 25 cycles, and the arc 
and incandescent lights must run at SO cycles, a frequency 
changer must he installed for the purpose of making this 
change.
OUTPUT.
The machines must he large enough to give the maximum 
amount of current needed for the lighting service, which is 
500 K. W.
TYPE AND SIZE.
This shall consist of a 670 H. P. synchronous motor, 
using two-phase current at 2200 volts and 25 cycles, direct 
connected to and on the same base with a 500 K. W. alternator 
generating two-phase current at 2200 volts and 60 cycles.






Owing to the fact that the street railway system is to 
be run on direct current at 550 volts, a rotary converter 
must be used to convert the alternating current to direct.
SIZE.
The load as given in the table on page 5 for the street 
railway is 200 K. W., but to allow for increase a 300 K. W. 
rotary converter shall be installed.
The direct current sent from this machine is to be at 
550 *volts and the alternating current generated is at 2200 
vdlts. The voltage is changed before entering the converter 
as given under the subject of "Transformers”, so that it may 
be sent from the machine at 550 volts direct current.
In order to accomplish this conversion a single phase 





In this plant transformers are to be used for the fol­
lowing purposes:-
(1) To step up voltage for transmission to railway sub­
station;
(2) To step down voltage for street railway use before 
it enters the rotary converter.
TRANSFORMER FOR CURRENT TO BE SENT TO SUBSTATION.
As has been stated, the current shall be generated at 
2200 volts, and transmitted to the substation at 15000 volts. 
For this transformation two(2) 150 K. W. oil-filled, self- 
cooling step-up transformers shall be installed.
TRANSFORMERS FOR CURRENT SUPPLIED TO CONVERTER.
For this purpose the current generated at 2200 volts must 
be changed to such a voltage that after leaving the converter 
its voltage shall be 550.
The voltage at which the alternating current must enter 
the converter in order that the direct current may leave the 
same machine at 550 volts is found by taking the ratio of 
direct current voltage to that of alternating current which 
is 1 : .7. This gives 555X.7 = 385 as the voltage of the 
current entering the converter and therefore the voltage of
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the alternating current leaving the step-down transformer.
Therefore, the transformers used for this purpose shall 
he two (2) 150 K. W. oil-filled, self-cooling, step-down 
transformers.
All transformers are to he purchased from the Bullock 
Electric Company of Cincinnati* Ohio.
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PART 12.
COAL AMD ASH CONVEYOR.
The coal arid ashes shall he handled hy the same conveyor 
in a manner shown in Plate 1 hound at the hack of this 
thesis.
Coal is shoveled from the car into a chute from which 
the conveyor buckets, which carry it to the bins above, are 
filled.
When ashes are to he conveyed, the coal-chute is closed 
and the ashes are raked from under the hfeilers into the 
chutes from which the buckets are filled. These buckets 
carry them to the ash pocket above, where they may be dumped 
into a car below.
This conveyor is to be driven by a 15 H. P. direct 
current motor.
The conveyor is to be made and installed by the Hunt 





The flue shall he rectangular in cross-section, having 
the sides parallel, and the bottom horizontal, but the height 
varies constantly, thus making the cross-sectional area in* 
crease as tjie stacks are approached.
The flue shall be of steel construction, lined with 
brick and placed at a distance of 9 feet from the boiler 
room floor, between the rear end of the boiler setting and 
wall of the room. The width shall be 6 feet, the height at 
the small end 4 cfeet, and at the large end 9 feet.
Two (2) steel stacks 120 feet in height and 5 feet in 
diameter shall take the gases from this flue. They shall 
stand 6 feet apart on concrete foundations and shall be 
joined 9 feet from the base by a steel passage 9 feet high 




The piping system, together with the sizes of the dif­
ferent branches, is shown in plate 3.
All sizes of pipes, except those of exhaust and steam 
main, were fixed by the makers of the engines to be cared for.
The steam main receives steam from three (3) 10” pipes 
and delivers it to three (3) 9” pipes leading to the engines 
which drive the generators, and one (l) 5” pipe feeds the 
automatic engine. In order that steam may be readily de­
livered for these machines, a 16” header will be used, con­
nections being made as shown in plate 3.
A 14” exhaust leads from each of the large engines and 
a 7” from the automatic. This exhaust steam shall be carried 
by one (l) 20” exhaust main, branching, as shown, to the ex­
haust head feed-water heater.
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